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• BnO H Pd P P Figure S1 . Possible coordination complexes of (dppp)-Pd(0) and imidazole (top) and (dppp)-Pd(0) and benzoxyallene (bottom). The structures highlighted with frames appeared in the main text and the numbers in the upper left corners are the structure numbers in the main text. Figure S2 . Mechanistic scenario, involving N-H oxidative addition, formation of 16 (INT-3), and Pd-H insertion into the allene. The key hydrido-palladium cationic complex (16) is too unstable (22.5 kcal/mol). The structures highlighted with frames appeared in the main text and the numbers in the upper left corners are the structure numbers in the main text. involves an exceedingly high energy increase (31.9 kcal/mol) which makes it unfeasible. The coordination of imidazole to palladium at that point, forming the pentacoordinated INT-6 species does not seem to ease the situation. On the other hand, the option of a decoordination of one of the phosphines from palladium to form a monodentate dppp ligand is not energetically feasible. The structures highlighted with frames appeared in the main text and the numbers in the upper left corners are the structure numbers in the main text. INT-1/INT-7c is the precursor of the protonation step, bearing a bent -allyl-type structure wherein the metal is bound to the two terminal carbon atoms of the allene, whereas the central carbon shows the typical structure of a carbene.
Mechanism A. Pd-H insertion into the allene

Mechanism B. Pd(0)-allene complex as active species
The energy of INT-1/INT-7c is 19.1 kcal/mol higher than that of 15/INT-7b, and thus, it can be regarded as a very unstable and reactive isomer, comparing to the regular allene-palladium complex 15/INT-7b. Its participation in a hypothetical equilibrium between the different allene-complexes would be almost negligible, but its significance comes from the fact that its protonation with a soft acid like imidazole occurs almost barrierless (see Figure 2 in the main text, TS-1 vs INT-1 G # = 0.6 kcal/mol). These data seem to indicate that INT-1/INT-7c is a transient intermediate, which in the presence of acids gets protonated very easily to form the very stable complex 13/INT-5. The structure and energy of INT-1/INT-7c are actually closer to a transition state than to a minimum (although it is in fact a local minimum in the potential energy surface), and it becomes significant only when protonated acidic species participate in the reaction. The computed Fukui nucleophilicity indexes at the central allene Cb atom indicate that it presents a medium/low nucleophilicity (+0.25) in the free allene, that becomes insignificant (-0.04) when coordinated to the Pd atom in 15/INT-7b. However, the formation of the carbene-like structure in INT-1/INT-7c induces a severe increase in its nucleophilicity to reach a maximum of +0.58, confirming our idea that the central carbon becomes very basic and reactive in this high-in-energy complex. Noteworthy, the Fukui electrophilicity indexes at that specific carbon do not show any change between the three species. The HOMO energies in the different compounds show a clear trend, increasing from the free allene (-6.8 eV) to 18 / INT-7b (-5.6 eV), and even more to INT-1/INT-7c (-5.2 eV). More interestingly, in the benzyloxyallene, the HOMO is centered in an oxygen lone pair and especially in the -system of the C=C closer to the oxygen, as would be the case in any enol ether. In 15/INT-7b, the major contribution of the HOMO comes from one of the d-orbitals in the Palladium, probably the one involved in binding the Ca atom of the allene. And noteworthy, in INT-1 INT-7c, the HOMO corresponds to an electron lone pair, located in a sp 2 orbital of the Cb atom, coplanar to the other two carbons, Ca and Cc. In our opinion, that orbital is a clear confirmation of the carbene nature of the central carbon atom in INT-1/INT-7c.
In conclusion, the free benzyloxyallene presents a HOMO orbital similar to that of an enol-ether, but its low energy makes a protonation event unfeasible. After coordination of the allene to a Pd(0) complex (15/INT-7b), the protonation would take place in the palladium atom, to form the type of species proposed by Trost, Amatore, and others, but due to the low energy of its HOMO (its low basicity), the protonation can only take place with relatively acidic species, which must be at least carboxylic-type of acids. Finally, the formation of a transient intermediate (INT-1/INT-7c) with a carbene structure and higher basicity, facilitates the protonation of the allene at the central carbon by even slightly acidic species, to irreversibly form a -allyl system (13/INT-5).
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